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Modeling of Laser Micromachining of Quasi-three-dimensional Shapes

Se Yoon Bang#, Kui Sung Shin”, Kyung Koo Yoon™

and Kyung Hyun Whang”

ABSTRACT

This paper summarizes the work on the development of a simulation program for modelling the process of
machining quasi-three dimensional shape with the excimer laser beam on a constantly moving polymers.

Relatively simple masks of rectangle,

triangle and half circle shape are considered. The etching depth is

calculated by considering the number of laser pulses irradiated on the specimen surface. It was found that similar
shapes as experimental results can be obtained by choosing suitable parameters of maving velocity, moving

distance and mask sizes.

Key Words :

Laser ablation(#l ¢} ©J & o]A), Excimer lasers(AF] ™ # ] A), Polymer(E &™),

Micromachining(®] ¥ 7}3), Quasi-three-dimensional shape (£ ¥4

1. ME
golAe Bos) 2AE Y 44, 94X}
A HE B4 JAH Wi Hs) vHzoz

P

WE $EZ AYT F gov, e quA 2s
2 45 ¥on Inhoz FUs 3 £
g0} olnl AAANA FEAsHA HgHn glek
Ao 53 AGH G99 B2 Axoln ool

Hg o §# ulA Fhzel BE AT Fws A
B3 gom 1 $8 WUt 4UHE, =, 3

Az, B8 S o231 o
AAtolw] #lojA s} 23k b FHoEE
dlolA o] Elo] H(ablation), HOIAH HE 3} 3ol

Aed: 20053 2¢¥ 11Y; AASAY: 20059 5€ 139

# WA} FFAER 71 AT S
E-mail sybang@dgu.edu Tel. (02) 2260-3704
* Saojgm oty

*

#7)AATL

7

#(laser induced chemical etching), 1A F-&
(laser physical vapor deposition) o] 3t} o|F
geolde AR o7, A% %}, Aol

& 35k £, AA, T2 59 49 A =2
27t B oz z2gs] dojudt} oz o
Hold 7tFeE HFEH] EHL high peak
intensity #o|A7t FEldtH, T4 H2Zo]7} of
F & npanosecond X I o]3e BA #Holx
7k AHEEY, 7 WY AARE 24, BEA,
ZE9, fal, Agy, A4 238, 2L 2AEA,
thojolZ= E ¥ Diamond-Like Carbon (DLC) &
S £ 7 don, FEEGEE

= 2 microelectronics,
B3, zH=A 2o, AT, R

ok 2 #4



2

S gaetsx 2248 A15

=

4 A,
e,

Wy, =939 5 o}F tad Robt
53 A7tE BoplME a9 7]
A FHozt 48 BhsHY 349 U
g9 714 &, QA £ FFRE WHIo
2 e 4 AW, HBAS) AEAE A9 gk

dolA olgdold 7F 4 £AF 55 B
Aol FAse £ LA Al Aol v

e ot FI18¥E B9kt te B

o2 o]RofAt EF f{rlEA] HYH o

=

Ao FA} FFHIR HFHo2E A Pl
o8 AR AADEE W, M 2ol Aol

EHE o] 23le} Rajr} o] Foizin)
19823k Ag Bug ulo oad Zan
Fdo] Hx yv dolAHlE ZAEHE, &Ale R
HAAFE 0.1 - Fume] ZAo)Z A 73k
AGH oz AANUA o] #olA7t AW
Eao)do] dojun, ool HA F9 ¥
ojA ZAFo=z ZAH 7#?& Aoz &#A 3
. Wo] RAIHA ¢ Yo olFH EH
E4T g7 W&ol 1all}lur A 2AE Hx
drtolw oA 2 ojEeold JtF EE HFI

i e I}

= Sgiols 53 AT E: BB
97 & BHAM AU FEL wu Y}

Ao Ele F2 ved vras ¥
& =32 olgd SZYFL Aol YL
o, FuME 8§ JteEd A5s =HE
HEAL, FH m A3 A FHL A F
oz 743d vholaz BHE ASnR s A
= $9HAE £3 4949 A8 q2e
Ew Ao dolq Az dols P &

AEd B 932 AE ZaHd v3E 5 4 4
o B HolAWe AN 4A9 2ol

l:l]7].o“ }\h—,ﬂz-lo] o] _9_ 21:4 31}-—{1%3,?_] &])J—o
ATE F Atk oF A YY) sp2a g

AHEERA QAT Basl 28 B o AT

ZAg o} mlaz 9 o@% m;};q;q “Hﬂ"—1T 33}
4 PAL BoE FAH oE2r|7tA] Be A7t

2R o, YW Ao 44 BE
7 olde wa o REARN $8 A5HE
Bel F7|% Bk

2 AFANE A9 UALY Axtolo) Aol
2 B £AE o BAH HEe FHRY 3
Ao v aT2ES HEHE BYL dF3) A

298E FYHL FARAE S 3o Bad
Haol 432 sobe) fate Ao ARE 47)
A 718 AL FEInA
2. oy
2.1 2l o{EaiojMd =Y
Zeldol uigt <ilolw oA oEg ol
LEBE olEHezg melslr] ¥ dTFE Ho

80

Agelo] gom! olstd ¥ AT A Aestn
Je oA g EuAr oLl
A kg 2l gig s M&sigd o] B
A2 ZYniE &L P29 dAtoln oAz of
o)l 7hed ), WEsst JbE A v
A gty A8 We Y& AN g
oJEdold =S T ;s ok A
g &S FuEdd A ok

7}3ol BEd B&-’F% 7heaA e EAA,

=1
=

Eﬂ

oA ¥, WA, AR FE, H quality factor
M, "o 24 94X c-"} 2 i, g3 7}
&= 3 ol wE JtEEFE IA UF
A QAR =dFoly deg o] Edold THE
S ‘54 A9 Ao olFETE 002
Fg Ao FYH@EEHLAY AEH oA
L Yehyrl A% E%li% A e #o

ZA A HAaY oAt Z7hteE o
64_%'8}71 A3 @3}t °ﬂxo] F 7o} Wol 9
g olF EHE Zo] A F ssp 2L

mlo

Eﬁml°r$°¥i¥FiE£°H

Agagon, o A% Wag R o), dt
&3} 2ol AR ZAY H o P U2
9 5 gtk &

d = d photo + d thermal

~1 (H
Bln Ho

-E 1n(71£L) )
- Y7rR
BH

|
)+Ale .

H: 2% g o] A Z2A(/em’)

Hr: 97 #lolA ZAMF (J/emd)

B: ¥ FFAS (1/em)

Ay effective frequency factor (um/pulse)

E: SSB EdoA fE® 843 v
(kJ/em®)

714



-473E  #FFLFHIA A2E A7

o] A& o]&3l7] M APz A& g4I
o|l2HE mdo] WA WY g Hy, B, E, A
S curve fitting®] 98] o sk mEo} 23
W 24 gA4L FaEat Fase] gt
KIMMA A= 53 248nme] dAjolm| o)A
2 ZY5UE SAE e E FHAE vz A
& P850, o] HolH=RE Rdd "g
W gk 78 Table 13 2o o474 B
33t J A dolHE H<04)em?, € o139
olEl& H>04J/cm’E ©]-&3l%tt Zsde &
Aol gk Blo]A ZAlEo] mE o3 olo) ¥
S}E Fig. 19 HolH, Faj3 HFE o] &3] 45
g Jde] A AAE 2 YehgdS FAT 5 3l
o A8 Adge AMEEY L B E7E
Td)e.g Holn, 7& o2 FAF AY vl
2 7 k. 53] 93 33}
g AwE neidt 22 o95sr) BosE
aodA] ZAEZIA el BATF oA o] F71E
ZdEE 5 Jee JEaA gaF &
Z2 M= HolA ZAgk] tiE] Fig 1
qEHE 2 QA E ol&d 7l 2

oft

Table 1 Properties fitted from experiment data
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x10° | (fem®) | (W/em’) | (um)
0.4724 | 0.0375 | 2630 [0.9018
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Fig. 1 Plot of etch depth vs. laser fluence for

polyurethane
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Fig. 8 Etched shape with triangular shaped mask

Fig. 9 Experimentally ablated micro prism
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Fig. 10 Etched shape with half-circular shaped mask

Fig. 11 Experimentally ablated micro cylindrical lens
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Table 2 Material properties for various polymers
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